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Abstract 



Disclosed herein are methods and apparatus for generating digital receiver and transmitter AGC values 
for a spread spectrum transceiver. A method includes the steps of (a) integrating the power of a received 
and sampled signal; (b) calculating a logarithm of the received Integrated power; (c) subtracting a 
predetermined reference value from the logarithm of the power to generate a first error signal; (d) 
filtering the first error signal; (e) comparing the filtered first error signal to a predetermined first threshold; 
(f) incrementing or decrementing a first counter value and resetting a filter accumulator as a function of 
the result of the step of comparing; and (g) converting the first counter value to an analog voltage for 
controlling the gain of a spread spectrum receiver amplifier. The logarithm is preferably the second 
logarithm of the power. The method further Includes generating a transmitter AGC value. 
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jc^suT. iSfgii&iE^SiErD v^^36'v©ai;*7fs^'&^j5Srreo ^sggsffiiErn 

v^36©l r?©ai*li. Sf8filBl4©*114*SEi«ii::«liaf -6©lwtt*7n5RXifiJ 

SfffS^Bxi^^/l'A G Cyo :y ^34®aj*tiTXra^l'-ya:^ftnffi)7'D ^ ^38IC 
^eUJllD^n^. TXEflyP— :^*lfflira v^40{ix 3> hD~-520;fi?^t». sis^n^t 
igfffftfiffijtllPJffltfy h*A*f «. i0fiL»42«TXWyl'-reiiayDry^38©ffi 
^^TXHv'^-T^ftJiaT'D ,^40©iBJblCilO;tTSlOT^4fiJcts C©WOTttag 
^Mi£«?36lcBJllB$tl. *rA^^»1Xy S • ^44^61*8 *n«, DtU ^ 

. rDv^44®a};^jun3Wi* cn gain) ^s^-c^o. c©fs#{iij|{ffS6B 
iBicEPUD^nr. *©aj:*«j^<wai«. a(ffa^Ei6-v©A;<ti (*'3-^--c 
^aa$nfc#F&c^/xiitff#«t8) rcly^46^tTfilswcs^$nTt^ 

:/i&fff3$B7'Dy^'38H 40. 42. 440«}B£itC^ffiHT^*» t < Wsj-T-SBiIJ::. S1& 

/K fiP^18dB©y'<^iy^U>i^*Wr«Ci:J£eLTdS<. 4^. S5iS7 
Kll**7 + /- 6dB*^t>-34dB*TO^^'^:^^ y ^ l/>i>^Wr« C i:*<T& 
4. S(ffSBAGC*<aiS7i-K^^^(::ii»f Sc43&<T^nfim<f. 
3&^S<9l£e©A/D«t^8(cJ:<)^ U v^^ti^*). ttCMim#;&«A/DS8^S 

lci-,T«/^^•r^/^o« ca/dtv^-7d-) ffli^*«>E^t%. la^l. 

^';:ye>^{ieLTS4l*fi«IT. «4SB£ST<l«^S-P#e. ttoT. 0. 5 i 'J 
1^ (bs) n£l^L2os©S(8a^BAGC>^r-v:^(&««5Sttll. S«aBACCC 

Wia7x--:^>/*3t^*Kia»*-tf. g y ye-y^rRx^i}/ h^^u*-*< 

-7D-&y=Ti^y-7o-*l!!5ih'r50liW^'*-^S»-C^«i:«;l«»n6 



(18) 



<»$S7]0-S06764 



{SS^e A G C34©-!f^3 > Hi34 a -34 e t»$#u TXIia^I'-:^S:*J»I 

»I38©1^7'3 ^'i?-^^ Mi38a -38 c ilS:$nTl^«. 

U<W2|s1h «3;itfROM7"-r;l'34byPy^Tyy»Cj;t)W39:$n$. H»d 

6t*v hA/D26aSt^26boaJ*liE$^SI^ffi'(b*tU ROM34b©TKL/ 
>^iLT^^*^<^4• ?itr>Tv C:OROMOTKl/7.^ISJ{i26-64T*)4, ROM 

34b ©i&T Ku;j^cDrte«x -tor ku::^©¥*t*^* bp^* — i&oa/do 

ai**« "25" T*)*^i^»{lx ROMOT KUX25©rt«li6 2 5T*e. — 

A/D©jE©S:^ai;^3ii "31" r*o. 't©sF;5r(i9 6 it**, — 

©A>D©fi©e>:a5*U "-32" T*»»3^ 't©sFjJrti]024T*-6. C 
©Kl4«e>l*«><&tlT1023CSn*. *©3te«tLT. R OM34 b©x-^ fflJb 
B5f#«10lfv HCKSSn. ^SoTKROM©^i*tLT©•!^-<X^«4xl0tf 

ROM34boaJ*rt. ira»«35a&CfUi?yt^35b*^^,^i-5afl'8Hftgidn 
TC^«, US?X^35b»i2Xf-vr- ^D^^»:J:»>ffl^**U Z<Opa^p\U 



MUX35ei:tfelC. I A/D26a&c;Q A/D26b©i^^^79* ^Otk 
^tUT. «tnt»OA/Dai*lil5^^&|^BA$tlTROM34b©T KU;^A:t) 
CiHtetU KR0MU-t<llCJc:i;TA/Daj*ffl©¥3Er*aj*-r*. ROM34b 



3i^^L^ 



(19) 



4*aV)O-506764 



©m:^(2i/i>x^3a^^p5$nTc^efi[ic2iQ^$n, 'r©jiiaS-©i£^^r<i/e^x 

^SSblcEISSne, 64«BS©9^yrTaS2 UvJ;^^35cttJi8I*SnTiD&6 
35a©ai:^^EttU KB^lcSni Uv^X^35b'&^'yr-r«« -^©JtifttUT. 

mca^dn^i<T. c©<s-^©5«a (3i^a©/ai4f=iTfcj:tr>) 3&<«t)n«., 

ttJ^ys-^^CPgt^**!. ClwT't©-Jkmi4aJ:(ft-fev Mfy h©&e 
i^^i^ne. m?L\t. 6tf^ hA/Dg!:iaS26a&LF26b-C> OCi_h25^ao 
5IAU0i£^;i. 2£«i:4 5^iSS©1Syjiil^4A*. tSm<fcdnS. 5$ 

->T. m©«Sro^«<ll[<i3dB©eAtC«i^f (6^7 hA/DSCjfte©0 
-32©Slffl©) ¥i^AAfiffl4«64 x 2 x 42©»jBaAJfct»fc€,U cnjiJ^S 

KUis jl4»©fc^--3©b*y h*<iaUBffi*«©C±&*y htf^ h©;&C2e' 

iaA©0^2©S5t» C±E©WTW4 xU-44) W^d -y ^34 c ICiJO^THfit* 
nyt«A**€»5l^tU ^^©^©0 CJ:.5-<F^fen ttmffifi«7-fyP^-34dlC 

1 - C31/32) 07^A^- • hV<y^«SJt{4t4,l.6in 



7-f;l'^-34d©aSAIiKI€i[«a5:ft«>>^®S34elCA*$n. CCT. 



<20> 4#fi¥10-506764 

fc«>IC> 7^^U^-;RSS*£3tjOHfiSIC-fe7 hSHti^^T***, BP'S, jfiift 
dnfcffljb3&<iE©iai«J:t>*&2b>oyt©/f ^tf. hTy:/L 

X 7-(ybij^-uv>x^(4fi©iafflii=*7 h^tie. u**u cnicj;?)^*^ 

S©*<»^ bl^. LO^^ift^J-Cli. 16667 j&<H«tt LTfifi^^tu t/-0. 1 

l4AiB£«iEro 7 i:^36H'&*n*D/ASt3ft«(r«l&**U wtll4gfflaiB©i« 

7 -f ^P:J'-34 d ©AA&Cf »*0»lfc©>C* $©S<bttC*© SdBOS-fbCjS 
JE:-r'S©Ts B]<9 (TBRESBl) l42d»©AC C^^t-^:^ • 1^-f X»C-3t^Ttt*/-0 
.33333 (IdB) lw> 1 dB©AGCZT-7y • *-fXCOl^TI4*/-0. 166667 C0.5 
dB) IC-lry h$nS©*<»*U\ HP*. IBRESfll ©ffttm2©AGCXf-yy 
•1f-<X©MttT*-5. 
SfSaeAG C«^t«. 3aa©fi©ff*<1S«7-f /P^-34d©AArriE©«lft 

KD®fl:T^«i$ leges Lfcfiicar*. AGc©ea9c«tt®{4. a/d 

S^SS26 a &^26 b t:iba>T 6 - 12dB©f9#^ ? hVP- A (a signal headroaa 

) t^^-Tht^K. 4C*. tf7 Ktt*«H6*iTt>«©T. -^^L&nfcrry 
A^iif -5»^n<ift>. u^¥fe«. A*s*©s4St©^5o$n*ff^s 



<2I) «aT10-506764 

^^iSi^^5l*^n'6. Ji7-is^t:2i4m^g<a«7^yi'^-38b-c<a«iSift$n«*< 

s ^©ll^SttUs ill{tSieAGC©i^Bt;£«;6<*<j3(tasi:/i*J:9i:®^*nTt,^ 
1 - <1023/1024) ©^-fyl'^- • 7<-)r^<vi^WZ(0^nXL^^?ih 

• 

aiffStB AG C©X7^ y ^ • -^-{Xm. 125dBJ: < 'X(r^©*<»4 Uts 
IdB-Piit-rSt. 34e*^^»©Rx AGC i3 ^ y ^^ttit. ig*<»iS$tl5fiii 
w©«/A#^*^iSfffiEgAGC (5^ICldB©«a^t>^^.-i-. 

iie#i::*>^-9Te^3^*n*flWi©^»sm**ifc™«3&<^©a*^Ftifcffi 
*ff3!^6ii*^tu *©ttm*<RrEo««7-fA'^-38bTas«$n*, sjiRu 

^ Um2©3«affiAM4T^>* nc "s^tlx <ff^©ISlJB¥1^1£*ICl4 1 dB©g:<b3fir<* 0 
. $£oT'^©13l42048^ 2578^©lffllC*0x Eri2©^S±{St4 (2048 

+ /-2560> /2-23l3ir-fe7 Y^tih. 7 4/l'^-38b'^©l dB©A*«8 i 
l^^<flC*BS-rSO-Cs C©A*l46/ft^«IC5/7 (1011-1) x20 

48-530D5l2s 512/8 -64D6:6v'7 h) . 

SffSfiettijOiiao^^fflfil^SCft^l** w J: A/D9aft«26ail 
C/26bi:fcltSfff#^7 hOI'-A^S<k$-&6t. »JBtS*©g5E©^am4>S: 

<fc-fe. wnt=3i4fii-r*i=«x aj&s*ffi©>7 h^fiSi&jDO"r«©:t><»»ut'^ 

. TE©aiiH fr2©S<ffaB«3«Bt*<J5Jie»nfci:#©. C©®jllD©>7 h 

ic-3i^T©a^ttffi*EeuTt^«. 



iSfSSSxi^^yPACCatgSaU. SffSieAGC;^^^^- *'>>^34ei 
R«I©XX7:/*- /y>>i?38a«-«r-r<S. iJlfffaEAGC;^f-7y • 

S»2Jt7-(S# (e2) ^JefiRr&fcftUSfSagBAGC©^^^:/-/;^^ 
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22.4 
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256 
512 
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4096 

8192 
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65536 

131072 



(22) 
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32 
36 
40 

44(11*4) 
48 

52 
56 
60 
64 
68 
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«OTlO-506764 



Tj M3CIC-3V»T0 

-4 
-3 
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-1 

0 

1 

2 

3 

4 

5 

6 



3ClC»U<55'^it. a2(OrDv^38aUs 7" d y ^ 34 c ©Rx;^7 y ^ CCN 
TR) 0^4:yDy^'38c©Tx*'>>^ (CKTR) aHStOjg^Sm-T*. COStt 

y D-fe;;^©*Rtg©yt«>{c 7 -f ^i'^ -38 b ic 2 o©ffiiKA;Jb c i 

34a -e) ©Sfieii. A/Da«ig26aiiC/26b'v©Jfi^A:tom«^-SK«-3 
wi-C*>So e«J;ttfs m2©*fejt4ffilS*<A/Dai^©8 (0-32©A/Dffe«^ 



(23) 



^S710- 506764 



*5B?S©»*U^1^MRl;:J:6iH 3^7'>>^34c©ai*©l Xxv:/ttldb 
OjRH»ffiflil-3aC;U 3&»>>^38c©SBA©i X7^7rW0.125dBlzja«?rS. 
Vt-yX. 7'Dv^^39dlCJ:STxACC*'>:^^ffi©«»©lt|C*'>>rJ'34c©aj:^j 

39e&c;39f (i. TxAGC;^f'> V^ISi: v/7 RxACC* •>>^fii:^«S.S3 

'>>^34e©ffi©8^*< TxAGC;&«JrV^38c©ffilC^U>iiCSF1|j-r6, Tx* 
'>>^«iB»B«l=li*DffIfj:«ffiK4)Ai:9?#*©T*,e3&<x ^©SfffittJBT*,'^© 
aiJtjUn X 8©<S^#-r«. fip-^. •ntSa^l'-T'JiB xO. 125= IdBCS^ettSSja- 
Uir^Ls CO^Kfitrt. JS-fi5|StS©S«^^ffi/t-riwli;F+»T 

ic3SttD8B[©au&jS<»*^7-p . S fltnida^Kfii^^-ft-r 5 c: tT^sc-r. * > 

3dBA«imffi2ir«^;C:r«Ci*<3**^«*^6». 2dBlil. 58D1.5KJ»tl£;U : Id 
Blil.2589D1.25HJtil2;t : 0. SdBlil. 122D1. m\Z$itt^L : 0.25dBI4]. 0593ai. 
0625»C5«rt?L :0.125dBrtl.0292ai.03125Cm-^-Sx ^*T^9 : zcomiz^ 
j8l3&< 3 dB J; ») /J>* I 0 dB»* 2 « JziJ- « i: tSU&tt©/hef Sj&< 2 «I= <t * d 

^{^Odhif^l x8192"C4>*tt^93£^^-r'6^i«»tf. 0. 125dBJi 1.031 25x81 92 
-8448&<i:'&. tSoT. fiU^i&4Et-Cti. 0. ] 25dB©mSfttljBU^S^ffl©256© 
S£^Cittt£:U 0.25dB©lFm£<bli512©S:'n:lwjl^;C:-r&. ^^^CiSti,. 

H±©K»»:fcl^T. TicACC* -^^ ^^SB c ©*lt;^f - ^ 7^^fc»±0. 125dB©3W 



BB©'^'©) «i«:£LJ:^, -r-Si:. a^3"?ftJwWfliJ3E$nfcaA{i82x 

i28-'8i92<bi;c«. ziomimj^iD-i&smm cimz:f3^m} tu^. 



n&<t\znmti>tia^^it. Vt-^X. ISljl^STliO. 125dB(i256 izmH^^^cax 
. amiS«7-<^P^-38bl=A**tl*fiiljr 256-Ctt«»tl« (7'Dv^39bT* 



(24) 



<t$a?10- 506764 



(25) 



4$B¥1 0-506764 



IC8«J^>7 h$n5) • 

C::-C^ RxAGC/; O^ZiC/ TxAa7:7':?:^^5&<€^n'en24Al/192 ( 8 x 24) © 

ffi8l92iii^€>8448l=^'rt-r^. AP^. m^&t Q.mdhti\iS£.<ti-^. &im.W::^^ 
>^34 e W> i ©ms:^b3&* 1 db J: 5 'J^* t ^OT. w ©3M?#S!fl:i:« UTtiEJC 

Ui^U 7'f ^1^^-38 bHA:^^n^.aUl^SU (8192-8448) /256 = 
- J^<i:«. 7^;l'^-38b©IS3E»ICJ:i«iB§E*<MiaLfca. TyAGC;^?7 
>^38c«ly^T'y^yif»J*'>>F^«>>UTs ^©rtSrt 191^^^*. tSoT 
. »>:7'>V^H©Sli8x24-191-» 1 7 -'I'^-aSb'v® 2-p© 

A*1i£CMw*iaL'&9fttl^t>. iJfefffS^e©*)?*^ 0.125dB/il^«^^^LT^^6 
• TxAGC©»jS?t^^ Ol 125dBlllitTA2£)T^»). wni2«riS©IB 

-IdBli. 0.74HC5l^lJ;*r«'^§TI4*-5l^nffc 0.794irSSlSU - 2dB{40 
.415 UXtIt1-e-J^T*>e©lw 0.630ir3l4J£:rS. ^*-C*i©T. tlU^iS^ 
(ifi©imS<fcC^HU<fi<«llro*)l^TW^ftS «J^. t8imifi«U4-2dBJ; 

Tll^f<T(100. 1 x8192+/-8192)/ 2 =9252T*'5-iiT^)e, U*^U 
^»IC(il£mi^«^nTjDO. ^^{ii&^0&m<t (256Til&»tS:) 

iEU^»m<fc«*4 10313/8192x2S6 - 322T*o^ltn^t>. cn*« 
•5^/^- K7iT^^^'r*©*<^-^Be«f;'i'5. 't©/::fei::i£<Ki;/h^F<**x5 

flS^rr^ffif w i: A<-C^ J: II. 7 4 ^rU^ -38 b 2 0©AA*fi«gir *©*< 

TxAGCi&ntxAGc izmmT^tniu^if^ ixM£o»tsmti^-^»xhb 



K±©Ej$«^5B?l9©f^ffi*BJi^>3JMi-rS©H^fi:S:ot:f*lir*>x S^S^fifeAr3fe 
t^S[i&®«^^LT45 0s *©:rDy^38a&j:538b(4«:'^^Ftl> />-Kr>xT 

sso^ifi^iisxti -7>»^^7•u^'t^-50s i /xii!»^k@iS52 (mUs x 

-1024) X J&D«^S54x RZ/y^Ji'^- (070^^) 56^^5L% 
ffiffltT7-f /l'^-56©aj**E18d-lt«Ci:3&<^*«. «®ei»(a state aac 

hine)60l4. cnt»©«J5£SfR©EM^2lC^^ ^ ^ >^^©^<*^ISfJffiIt-*. 05 H 

^^nTt^e@l^©^<*tLT©^5ilKltt^lHsnR7<y^^-u^HTc^6. x 
©ffi*^7r5-=?y^i't-r«ci:36rtT**. xfomu a6©di®w/i 

©K:««*iffl (i!£oTa6ffi«B©ta*U'<^i'*>) icJK«*&trr. 

t>^-fl:a2^#ia-r*i> iS^ffS^EACC 7 ^ - 38 b © it:*; IllS-g-lSbl'- 
^S>!7mSlff*J&fi£f KHi^'>:fcJ:'?H. C ©mSffiliifcClS38 c IIA A $ 
*U C©ifce8li. «2iaia (7BRESB2) tifcRLTS^r v:/Hffi*<a^«** 

S36M$aJU> ^©tt^Cfi. '5r©/eAt>tl/;:iae©t?^tr-tfi^UTf*9SSTX;5;7> 

i^ifi^ >^ y ^ > hxiif'^ y / yh^tih* 7-f -'i'^-38b©A*&c/ai*© 

0.125dBIC*iau C:©fiffl4 TxAGC©;!^7^^^1f--fX-C*»*6©T. 2 
eeSfiff (mESB2) Ut/-0.5©85ffirtlC*.*©i'<»*UC>, 

gi2©*7>^40J4. p> hD--522*^t»aiA$n5H^P-:/:£A^"rv^^ 
* •> > h-r « fc26irffi<ptU * 7 V^^40©aj AttllO»S42T38 ccofi^l^if ©* 

Ti-ucr^^- K7*T;&<SSWC*nii 0. 5dB©iSff S^BAGC •^T"y'^^'{X 
(j:CDllAtf;ei&|&©5ft:^j»/::-^w^;&t0if«o-Cl>e. L:^U iS<?S^@Arc ©^ 
-frtBIUffiftTK lOt-v hD/Affiifc844aT. 0. 125dB ©^f^ vy-t^-f X*<» 



•5. LA>u rav^'34a*^e.©aijuiiitoffii. *©^fsfi^ir>7 h$n/:iau& 

(7*0 -^^^390) i«©A-r-6C^(:J:9. TxAGCCttJJC^mS© U 



H-;l'-7'iaA©l®tfy h©{ftB»lS£aL. fiogflra 500:hy«f£(rtlC-t©i» 



(26) 



T\.^^mm<o^o>i^ (CKTR) *^^>coffixe^ift;tt»n5. roy^44oA:to 
sft^asAUKybJfcje^s ibe*«?T*>n6. j:<d«icut. agc 

TxU i 7^440B!?flr(DSflffllCOl'T(i^ Urs Hucke 21B94#9^ 9 B 

T^Jm^ : 309 - 934809-NA) tCKe$nTl^-5. 



^aVIO- 506764 



(27) 



4Ja*F30- 506764 



is.'^n^'c^ui^tniu^fiixo'c^ fi«E©7ifv ^©a©^a^io.5-l.5i- 2 

"«S>:T 1 /64fiP'&1.5696T*>S. 

m^ii> 3VhD— 520lcJ:»)3SS<c^i54«Sfe«^Fnx^^*IiAll«©. 

ai5S©Ktg&S©4'lc^RR^7^-y^l>'34b^l8:l:^iC ti^T^So ^fz. i30> 

^x<i5!7'>>^ffi^f&^^-r*^m^5iiL/2;x^x{iU':^;^^«a^'&A/Xi^xtJ: 
©;^cifijE*<x<fi^. iiwj*ifE^ic*sa-r«^Ku:*>fc-ax©*a^-r 

«£-9X. ;«:SSBJi««©«« U^$U&0>llcPQUXAi4:6i|IZBI^U{ftBJ9U:fetm^f 



(28) 



f}faE¥10- 506764 



(29) 



4fa*F10-506764 
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(30) 



*aa*F10- 506764 



(33) 



<f$S¥10- 506764 




(34) 



m 



4*aspio- 506764 



(figffiBl 1 9 96^9^1 6B 

(b) &fBiiti&s^it^titLi8^r^iB»i^ : (b) ^<z>S 
sw*n«^*ti^ffiA©ffi*a-rx*:»^-'i'9-K*«5fe«ttJc^>3--^^^ac 

A*UTK'ry^/l'7- K©e±tte-:r h©ttB*»tSU : (b) -t©ttS$n 

h^. |$e±ttt-v h©«^d*iytfiB*a-r<ifflc«4^Co/i^ : <d) -e©IS 
«iUT©. «9ttlCO<E*<nTt>«lfv h*KlHW*tt©ifi{RffitLT«[^ifr 

C©:«rfe{i. (a) m2*'>V^<iI^^L: Cb) K» 1 ;&'>>^'ffi*^^>Sr 
m2*'>>^^S*Sll>T»2i5-(ff^*jejaU: CO 8r3»2 jt5-«^*iS 
S^U: Cd) 'e©ajA$nfea^2JL7-f9#«]9r£©m2a«t&ifcttU; (e> 
't©ia«fi«r*Se 2a:7-(5^©ifet2©X7^ v :/©te«©M»^ LTStSS 2 > 

HL; <f ) ii^J^*<ifc^2 357'>>^<g^aim«E©5Pm«ftfJtB-r«^»©T 



(35) 



0-506764 



, »j*©iaiiss3gT. ;iti4ai£«#*ia«B^©a[i:©xi?:^^i.-r-^i^s£B 

T©Sei£<4;^5S49*#;£©fti6fi?lSm«lIlcBy£-r«^©Tli/iV>. 

• WSittlBttx T I A/E 1 A/ I S-95 (1993^^7^) " UttoTB&f^-T 
Liir^U ::©'!»JB(l©f$jSIM^©S^1i'&;$:%Bj9©|gaCJt4-r$(6:t99£: 

feiaSSlOli. •feyHJ-'f h CB^iir. £i»{«itbJ^«i:l&;ri. ) *^"^©RF 
f9^*S«U RF«^*S*«-vjSW-^«yt»©T>7^^12*'frt% r^^/P 
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